Abstract
Introduction
The transition from active cancer treatment into survivorship, known as re-entry, remains understudied. During re-entry, clinicians can educate survivors on the benefits of healthy behaviors, including physical activity, as survivors adjust to life after cancer. We examine the prevalence of adherence to established aerobic physical activity guidelines (≥150 minutes of moderate-intensity physical activity per week) in addition to related medico-demographic factors among cancer survivors during re-entry.
Methods
Data from 1,160 breast, colorectal, and prostate cancer survivors participating in the American Cancer Society's National Cancer Survivor Transition Study were examined. Multinomial logistic regression was used to calculate adjusted odds ratios (AOR) for various medico-demographic variables in relation to 4 established levels of physical activity (inactive, insufficiently active, 1-<2 times the guideline level, and ≥2 times the guideline level [referent group]).
Introduction
In 2016, the American Cancer Society (ACS) estimated there were approximately 15.5 million cancer survivors in the United States, and that population is projected to increase to 20.3 million in the next decade (1). Despite the increasing number of people surviving the disease, the transition from active cancer treatment to cancer survivorship (ie, re-entry phase) remains understudied, as are survivors' health behaviors during this period (2) . During re-entry, defined in this study as the first year following completion of primary adjuvant treatment, the focus shifts from diagnosis and treatment-related issues to long-term wellness and survivorship (3) . This transition period may be used as a teachable moment to encourage health-promoting behaviors, including adherence to physical activity guidelines (3) (4) (5) .
Among cancer survivors, physical activity has been associated with lower risk of all-cause mortality as well as improvements in physical functioning, anthropometric measures, health-related biomarkers, and health-related quality of life (6) (7) (8) (9) . As a result, the ACS guidelines for cancer survivors recommend at least 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity aerobic activity each week (7) .
Despite the health benefits of physical activity, studies suggest that most cancer survivors are insufficiently active, with adherence to physical activity guidelines ranging from 17% to 47% (9-15). Rates of adherence to guidelines and correlates of physical activity levels among survivors in the re-entry phase may differ from those further out from treatment and diagnosis, as suggested by previous studies indicating time since diagnosis is significantly associated with physical activity adherence levels (14, 16) .
Identifying characteristics of people at greater risk for nonadherence to physical activity guidelines may help inform best practices for clinicians to educate patients to increase physical activity adoption and adherence as well as identify people who may benefit the most from a physical activity-related intervention during the re-entry phase. Thus, we examine the prevalence of physical activity adherence among breast, colorectal, and prostate cancer survivors during re-entry in addition to medical and demographic characteristics associated with physical activity levels.
Methods

Data source and sample
Data were collected from the ACS's National Cancer Survivor Transition Study (Transition Study) conducted in 2013. The Transition Study assessed perceived preparedness in cancer survivors who were transitioning out of active treatment into the reentry phase of the cancer continuum. Participants were recruited from ACS's constituent database, which is used to track and manage requests for information, services, and events sponsored by ACS throughout the United States. Participants were eligible for the study if they met the following criteria: 1) history of breast, colorectal or prostate cancer, 3 common cancers in the United States (17); 2) completed initial, curative treatment within the past 12 months (defined as the re-entry period in this study); 3) aged 18 years or older at diagnosis; 4) able to read and speak English; 5) confirmed US address; and 6) alive at the time of recruitment. Screeners to determine participant demographics and eligibility were sent to cancer survivors in the ACS constituent database. Of the 4,182 screeners returned, 1,670 survivors were eligible for the study. Primary reasons for ineligibility for the Transition Study included those in active treatment (n = 449) or those who completed primary curative treatment 13 months or more before completing the screener (n = 1,335). Those deemed eligible for the study were sent a survey and 1,211 respondents (72.5% of eligible participants) returned the completed questionnaire. Additional details regarding recruitment and study methodology were previously published (18) . Respondents were further excluded from the current analytic sample if they 1) self-reported cancer recurrence (n = 12); 2) self-reported diagnosis of a new cancer (n = 11); 3) had missing data for the outcome of interest, physical activity (n = 22); or 4) had missing data for time since last treatment (n = 6). The final analytic sample consisted of 1,160 posttreatment cancer survivors (69.5% of eligible participants).
Measures
Assessment of physical activity
The frequency, type, and intensity of physical activity was assessed via a questionnaire similar to that used in other large-scale epidemiologic cohort studies (eg, Cancer Prevention Study-II and 3, and the Nurses' Health Study) (19, 20) . Specifically, participants were asked to estimate the number of hours per week spent on 11 moderate and vigorous activities during the past month. Frequency options were none, less than 1, 1 to 2, 3, 4 to 6, and 7 or more. To include an estimate of intensity, the 2011 Compendium of Physical Activities was used to assign metabolic equivalent of task (MET) values to each activity (21) . For activities with multiple MET values, a conservative approach was taken; that is, the lowest MET value was chosen. Activities were walking (3.5 MET), jogging (7.0 MET), running (9.8 MET), bicycling (4.4 MET), tennis/racquetball (6.0 MET), lap swimming (5.8 MET), aerobics class (eg, step, kickboxing, etc.) (5.5 MET), aerobic machines (eg, elliptical, rowing) (4.9 MET), sports activities (6.25 MET), dancing (5.4 MET), and other aerobic recreation (eg, hiking) (4.3 MET). The middle value of the frequency for each activity was multiplied by its assigned MET value (19) . For example, if the respondent marked 4 to 6 hours per week, 5 was multiplied by the activity's MET value and summed across all activities.
For each physical activity item, multiple marks were examined (n = 6). If the respondent marked multiple answers that were next to each other (eg, 1 to 2 hours/week and 3 hours/week), 1 response was randomly chosen. If the respondent marked multiple answers that were not next to each other (eg, 1 to 2 hours/week and 4 to 6 hours/week) then the activity was coded as missing. The ACS guidelines recommend engaging in at least 150 minutes of moderate-intensity physical activity per week, or an equivalent combination of moderate-intensity and vigorous-intensity aerobic physical activity, equating to approximately 8.75 MET hours per week (7, 22) . Physical activity was categorized in this analysis in relation to ACS guidelines resulting in 4 categories: 1) inactive (0 MET h/wk); 2) insufficiently active (0.01-8.74 MET h/wk); 3) 1 to less than 2 times the recommended levels (8.75-17 .49 MET h/ wk); and 4) 2 or more times the recommended levels (17.50 or more MET h/wk). The 17.50 or more MET hours per week category was used as the referent group.
Correlates
All variables included in the analyses were self-reported by the respondent. The following sociodemographic variables were considered for analysis: sex, race/ethnicity (non-Hispanic white, other), education (high school graduate or less, some college or more), and marital status (married, not married). Respondents categorized as married indicated that they were married or living in a marriage-like relationship, whereas not married respondents indicated they were single, separated, widowed or divorced.
The following clinical variables were considered: age at cancer diagnosis, body mass index (BMI), smoking status (never, current, former), cancer type (breast, colorectal, prostate), cancer stage (local, regional/lymph node involvement, distant/metastasis), receipt of surgery (yes, no) and receipt of chemotherapy (yes, no). BMI was calculated using the participant's self-reported current height and weight. Additional clinical variables collected included time since the last cancer treatment and number of comorbidities. Time since last treatment was defined as the duration of time (months) from when the respondent last reported receiving surgery, chemotherapy, or radiation treatment to the time the respondent completed the survey. The number of comorbidities was derived from a standard checklist of 11 comorbid conditions (23): arthritis/rheumatism, glaucoma, emphysema/chronic bronchitis, high blood pressure, heart disease, circulation trouble in arms or legs, diabetes, stomach or intestinal problems, osteoporosis, chronic liver or kidney disease, and stroke. Conditions were summed and ranged from 0 to 11.
Statistical analysis
Participant medico-demographic characteristics were descriptively summarized overall as well as at each level of physical activity. P values were calculated using simple multinomial regressions for each predictor variable independently. The 11 types of aerobic activities contributing to the overall physical activity level were summarized by cancer type and by level of physical activity. Stepwise multivariable multinomial regressions were then used to identify which medico-demographic characteristics were related to levels of physical activity. Variables of interest were based on prior literature (10,14,24-27): age, sex, race/ethnicity, education, marital status, smoking status, comorbid conditions, cancer type, cancer stage, BMI, months since last treatment, and receipt of surgery and chemotherapy. Age at cancer diagnosis, BMI, time since last treatment, and number of comorbidities were all modeled continuously. All predictor variables that reached the significance level of P < .20 were considered for the final multivariable model. To create the most parsimonious model, variables that did not reach significance level of P < .05 in the multivariable model were backward eliminated one by one. Because advanced cancer patients may be limited in their ability to be physically active, a sensitivity analysis that dropped people with cancer metastasis (n = 83) was conducted and yielded similar results. All statistical analyses were carried out by using SAS v9.4 (SAS Institute, Inc).
Results
Approximately 8.1% of participants were inactive (n = 94), 34.1% were insufficiently active (n = 396), 24.3% were within 1 to less than 2 times the physical activity guidelines (n = 282), and 33.4% exceeded the recommended physical activity levels by 2 or more times (n = 388) ( Table 1 ). Those exceeding guidelines by 2 or more times were, on average, younger (mean [standard deviation], 60.1 y [11.1]) than the other physical activity groups. Inactive people consisted of a higher proportion of women (9.6% of women were inactive compared with 6.1% of men) and people who were not married (10.9% versus 6.9% of those who were married were inactive). A higher proportion of those with a high school diploma or less were insufficiently active (41.9% versus 29.7% with some college education or more were insufficiently active). Multinomial regressions carried out for each predictor variable independently revealed that age, sex, race/ethnicity, education, marital status, smoking status, surgery, BMI, and number of comorbidities all varied (P < .20) by physical activity levels and were, therefore, considered in the multivariable model. There were no significant physical activity level differences by cancer type, months since last treatment, chemotherapy, or cancer stage.
The most common types of physical activity reported overall were walking (89.0%); bicycling (20.0%); elliptical, rowing, stair, or other aerobic machine (13.2%); and jogging (12.9%). Walking and bicycling remained the 2 most commonly reported activity types across both cancer type and level of physical activity ( Table 2) . The most common comorbidities included arthritis/rheumatism (46.1%), high blood pressure (45.6%), stomach or intestinal problems (24.5%) and circulation trouble in arms or legs (22.8%).
In the multivariable model, surgery, race/ethnicity, and smoking status were nonsignificant and therefore eliminated from the final model. The likelihood ratio χ 2 test indicated the final model was significant (χ 2 = 101.1, P < .001) and results are presented in Table 3 . Multivariable analysis (Table 3) revealed that those who were inactive were significantly more likely to be women (adjusted odds ratio [AOR], 1.88; 95% confidence interval [CI], 1.10-3.23), not currently married (AOR, 1.81; 95% CI, 1.07-3.06), and have lower education levels (AOR, 2.02; 95% CI, 1.21-3.38) compared with those who exceeded the recommended levels by 2 or more times. In addition, a 1-unit increase in number PREVENTING CHRONIC DISEASE VOLUME 15, E65 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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www.cdc.gov/pcd/issues/2018/17_0277.htm • Centers for Disease Control and Preventionof comorbidities was related to a 26% increase in odds of being inactive. Insufficiently active people were more likely to have lower education levels (AOR, 1.81; 95% CI, 1.30-2.52) and not be married (AOR, 1.43; 95% CI, 1.01-2.03) compared with those who exceeded the recommended levels by 2 or more times. A 1-year increase in age and a 1-unit increase in BMI were associated with 2% and 5% respective increases in odds of insufficient activity.
Discussion
To our knowledge, this study is one of the first to explore physical activity behavior among breast, prostate, and colorectal cancer survivors during the re-entry stage, a phase of the cancer continuum that can be used for behavior change. Our analysis reveals that approximately 58% of cancer survivors during re-entry met physical activity guidelines whereas approximately 8% were completely inactive. Women, those with lower education levels, those who were unmarried, and those with more comorbid conditions and higher BMIs were more likely to be inactive. Correlates of insufficient activity were similar, except sex and number of comorbidities were not significantly associated with insufficient activity and age was an additional correlate.
A higher proportion of cancer survivors in this study reported meeting guidelines, compared with similar US studies conducted among survivors with varying times since diagnoses with physical activity levels ranging from 20% to 47% (9,13-15). One US study among middle-aged cancer survivors reported 12% were inactive (14) , which is slightly higher than our estimated 8%. The higher proportion of cancer survivors meeting physical activity guidelines in our study may be attributed to differences among survivors during the re-entry phase. These people, having recently completed treatment, may be more motivated to comply with the physical activity guidelines. Alternatively, our results may overestimate this proportion because of our sample demographics. The ACS Cancer Survivor Transition Study (18) largely consists of non-Hispanic whites recruited from ACS's constituent database. Some participants could be regarded as "information seekers" (ie, contacted ACS for information or services) and are possibly more motivated to engage in cancer prevention behaviors than other samples. However, approximately 20% were recruited directly through physician fax referrals, which may mitigate the potential for such bias.
Several demographic factors were associated with level of physical activity among breast, colorectal, and prostate cancer survivors within 1 year of completing curative treatment. Female cancer survivors, in comparison with male cancer survivors, were more likely to be inactive. This finding is similar to overall population trends that illustrate men tend to be more physically active (28).
Similar results were also found in other studies of cancer survivors such as the large, nationally representative Behavioral Risk Factor Surveillance System Survey, which reported male survivors were more likely to meet recommended levels of physical activity (14) . In addition, in a study of colorectal cancer survivors, men reported higher levels of physical activity than women (27). People with lower education levels were significantly less likely to adhere to physical activity recommendations, which is consistent with results from other studies (10,11,14,24,25) as well as that in the overall adult population (28). Studies examining correlates of physical activity among colorectal cancer survivors found that more-educated survivors were also more physically active (11,25,26). Similar results were found among breast cancer survivors (10,24) and among all cancer types (10,14).
Older age was associated with being insufficiently active, but not with being inactive. These results may suggest that while older survivors are active, they are not active enough. However, only 8.1% of our study population (n = 94) were inactive, and this lack of association may be due to limited power among the inactive group. Regarding BMI, a previous study that also modeled BMI as continuous supports the notion that increasing BMI is associated with greater likelihood of being physically inactive among colorectal cancer survivors (27).
This study has several limitations and strengths. Physical activity was self-reported and is therefore subject to either overreporting or underreporting. Objective measurement of physical activity (eg, via accelerometers) alongside self-reported measurement is preferable (29), but was not available in the current data set as well as many other epidemiological studies. Additionally, while our sample was large, it primarily consisted of non-Hispanic whites recruited from ACS's constituent database. Therefore, a more representative sample of cancer patients should be examined in future studies before generalizing findings. This study also is subject to self-selection bias because of survival differences (eg, inactive older adults are probably more likely not to survive and not to reach out for help via ACS channels). Lastly, our study is crosssectional; therefore, temporality and causality cannot be inferred.
Nonetheless, our study is among the first to examine a large number of breast, colorectal, and prostate cancer survivors, 3 of the most common cancers in US adults, during the re-entry phase. Study findings suggest that 42% of breast, colorectal, and prostate cancer survivors in the re-entry phase are not meeting physical activity guidelines despite the numerous health benefits. Clinicians may be optimally positioned to deliver advice to cancer survivors on the importance of healthy lifestyle behaviors or provide further details about educational and/or training sessions about how to engage in safe and healthy behaviors as they near the end of curative treatment. This is an especially important discussion PREVENTING CHRONIC DISEASE VOLUME 15, E65 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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among older patients and patients with certain comorbidities, because they may be limited in their ability to be physically active and would need to discuss with their physician safe ways to engage in activity. While clinicians should educate all cancer survivors about their increased risk of recurrence, secondary cancers, comorbid conditions, and the benefits of physical activity, they may want to place special emphasis on educating women and those who are not married, are older, or have lower levels of education, comorbid conditions, or a higher BMI. These people might also benefit from targeted public health or clinical interventions or individual counseling. Previously conducted randomized, controlled trials suggest interventions offered to short-term cancer survivors during the re-entry phase can be effective (30). Future studies may want to examine physical activity adherence and its associated factors among a broad range of cancer survivors, as well as among specific cancer types, during re-entry to confirm our findings. Studies directly comparing physical activity levels of survivors during the re-entry phase to levels in more long-term survivors may help us better understand not only the differences between these 2 phases of the cancer continuum but also ways to increase the adoption and maintenance of physical activity throughout survivorship. 
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